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The evaluation of downstream water levels for a safe downstream fish passage is based on a rule of 
thumb, derived from water turbine fish passage regulations. Thorenz et al. (2018) performed 
numerical simulations to evaluate these rules and concluded that they are not sufficient to guarantee 
safe fish passage over weirs. Therefore, there is a need for numerical simulations to evaluate the 
hydraulic situation of fish passage situations. 
The currently available two-phase flow solvers which are based on the volume of fluid method (VOF) 
fail at big scale self-aerated flows such as shown in Figure 1. This is due to the multi scale flow region 
with largely stretched water surface regions and small air bubbles. Air entrainment prediction would 
need a very fine discretisation of the water-air interface. This would lead to a huge computational 
effort. However, the correct prediction of the four air transport processes, as shown in Figure 1, is 
essential for the hydraulic situation inside the water jet and for the further course of the downstream 
flow. To predict surface aeration (1) further development of the VOF-solver interFoam is necessary. 
This is part of the current research project. Local aeration (2) can be realized by a proper 
discretisation of the immersion point. A model for air transport (3) and detrainment (4) was already 
developed by Schulze (2018). The reasonable representation of air entraining, transport and 
detraining processes give the opportunity to evaluate overflown weirs regarding to the immersion 
depth of the water jet and turbulent flow conditions downstream. 
 
Figure 1: Air transport of a plunging weir overflow. Surface aeration (1), local aeration (2),  
air transport (3) and air detrainment (4). 
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